Sixty patients with atrioventricular block were exercised and monitored by a radioelectrocardiograph. Cases (P<o-ooI).
Changes of the degree of atrioventricular block on effort have been observed by several authors (Scherf and Dix, I952; Manning and Sears, I962) . Moulopoulos and Anthopoulos (I968) studied such changes in relation to atrial rate using a radioelectrocardiograph. The presence or absence of bundle-branch block at rest appears to be associated with the response of AV block to exercise.
Clinical studies (Damato et al., i969a, b) have suggested the differentiation of AV block in two types according to the location of the conduction defect above or below the bundle of His. Block of both bundle-branches is related to AV block below the bundle of His.
In the present study an attempt is made to investigate whether intraventricular conduction defects at rest are in any way related to the response of AV block to exercise.
Subjects and method
Thirty-eight men and 22 women of I7 to 90 years of age with several degrees of AV block were exercised, while their electrocardiogram was continuously recorded using a radioelectrocardiograph.' The patients were asked to walk a 50 metres distance and then walk upstairs a total of 30 steps. They were stopped if either symptoms (dyspnoea, angina, or dizziness) or obvious deterioration in AV conduction appeared. In the statistical analysis of the results (X2 method) the S per cent significance level was considered as significant.
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Findings
The degree of AV block, the PR interval (whenever this was constant), the QRS duration, and the atrial and the ventricular rate of the 6o patients at rest and during maximum exercise are given in Table i cise. Thus, at a heart rate of 50 a minute at rest, the PR interval was 0o22 sec, while at a heart rate of 93 a minute during exercise, PR was 0-I7 sec.
Case 6o A 62-year-old man presented with AV block of unknown aetiology (Fig. 3) . In most instances he had complete AV block with an idioventricular rhythm. The ventricular ectopic focus was probably situated in the left ventricle as judged by a right bundle-branch block configuration of the QRS complexes. The idioventricular rhythm was regular with a RR interval of I-76 sec both at rest and on exercise. Occasionally, however, ventricular complexes appeared of a configuration distinctly different from the former in spite of a right bundle-branch block pattern. These complexes always followed a constant PR interval of 0-20 to 0-22 sec, with the exception of Fig. 3D . They occurred either just before the anticipated idioventricular beats or approximately o-6o sec after the previous QRS (i.e. just after the T wave, Fig. 3B , C, and E). Because of these features these complexes were considered as being sinus in origin and transmitted to the ventricles via the left branch of the His bundle. The 'prematurely' conducted beats of Fig. 3B , C, and E were considered as occurring during the supernormal conduction phase.
At rest, with PP intervals of o-76 to o-8o sec, P waves occurring as early as I-36 sec from the previous QRS were conducted to the ventricles (Fig. 3A) . On exercise, with PP intervals of o-6o sec, P waves occurring as late as Is56 sec (third arrow) from the previous QRS were not conducted to the ventricles (Fig. 3B) . On exercise the onlv beats conducted to the ventricles were the ones occurring at the supernormal phase of conduction. After the 'prematurely' conducted beats orthograde conduction appeared to be restored earlier than after an idioventricular beat or a normally conducted beat. Thus, in Fig. 3C , a P wave occurring I 22 sec after the beginning ofthe supernormally conducted QRS complex was conducted to the ventricles, while on the same tracing a P wave occurring i-4o sec after the first QRS complex (idioventricular beat) was not conducted. Similarly, in Fig. 3E , P wave No. 4, after a 'premature' beat was conducted to the ventricles, though the preceding RP interval (I 32 sec) was shorter than that of P waves No. 6 and II (1-36 sec) which were not conducted.
Discussion
The relation between bundle-branch block and the response of AV conduction to exercise may be of clinical and theoretical importance. Reading a rest electrocardiogram with AV block one may anticipate with some probability the response to ordinary exercise.
An impairment of AV conduction during exercise may be compared with the impairment of the conduction via a branch of the His bundle in cases with intermittent bundlebranch block (Burch, I962; Bauer, I964 Fig. 3B . The RR interval including a supernormally conducted beat was longer than the next RR interval. However, the interval between the prematurely conducted beat and the next conducted P is shorter than the next interval from the beginning of the QRS to the next conducted P. There is a possibility, therefore, that relatively early restoration of AV conduction after the supernormally conducted beats ( Fig. 3C and E) could be explained by the dependence of the AV conductive tissue refractoriness on the previous cycle length (Brooks et al., I955). The long PR interval of Fig. 3D apparently marks the relative refractory period of the AV conductive tissue.
These factors (heart rate, neural tone, and ischaemia) affecting the response of AV block to exercise are not adequate in explaining the basic finding of this study, namely that exercise tends to improve AV conduction in cases with a normal QRS but to impair it in cases with bundle-branch block. This finding cannot be coincidental, due to a different distribution of mild and severe degrees of AV block in the 2 groups, since there was no significant difference between the 2 groups in this respect.
Localization of the lesion might be the determining factor. According to Lenegre (I964), a lesion on both bundle-branches rather than on the bundle itself is often the cause of AV block. The presence of bundlebranch block on the electrocardiogram is an argument for the localization of the lesion at a low level toward the ventricles. This area is commonly considered as being out of the influence of neural factors that might improve AV conduction on exercise. Yet it may be influenced by tachycardia and by ischaemia, both of which tend to impair AV conduction.
The observation by Damato et al. (i969a, b) who recorded the activity of His bundle in normal and AV block cases may be relevant. They found that AV block might be due to a conduction defect either between the atria and the bundle of His (PH interval) or between the latter and the ventricles (HR interval) . An abnormally prolonged PH interval may be shortened by the use of atropine or isoprenaline. An abnormally prolonged HR interval is found in AV block cases due to block of both bundle-branches and may not be improved by the use of atropine or isoprenaline.
Contrary to the effect of atropine and isoprenaline, tachycardia produced by atrial pacing impaired conduction in both types of AV block (above and below the bundle of His). If the relation between the cardiac cycle length and the refractory period were the determining factor for AV conduction defects, pacing of the atria at a high rate should have the opposite effect, since the refractory period becomes shorter with tachycardia, even not proportionally to the cardiac cycle (Brooks et al., I955). The different response of AV conduction to the tachycardia effects of neural factors and pacing cannot be easily explained.
A possible way to understand this difference is to consider conduction as synchronization at a phase difference between the 3 parts of the conducting system, i.e. atrial, nodal, and ventricular (Van der Pol and Van der Mark, I929; Segers, I946; Moulopoulos, Kardaras, and Sideris, 1965 ; Moulopoulos and Sideris, I967, I969; Moulopoulos, Plassaras, and Sideris, I97I). Conduction is then 'depressed' by accelerating one part while the others remain unchanged, since the closer the idiofrequencies of two systems the easier synchronization is achieved. This acceleration of the atrial part alone by pacing impairs the whole AV conduction. Neural factors accelerate the atrial and nodal part alone, thus facilitating atrionodal conduction but impairing nodal-ventricular conduction. Hence, exercise facilitates AV conduction in cases with a lesion located in the atrionodal part of the conducting tissue (i.e. with a normal QRS pattern) but impairs AV conduction in cases with a nodal-ventricular defect of the AV conduction (i.e. in cases with a wide QRS pattern). The findings of this paper are in agreement with the above hypothesis.
